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surface that protrudes upward from the surface, on a semi-
conductor substrate; forming a conductive layer to cover the
insulation layer having the protruding portion; and removing
a predetermined region of the conductive layer by patterning
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using microwave plasma, which uses a microwave as a
plasma source, while applying bias power of 70 mW/cm?® or
above on the semiconductor substrate, under a high pressure
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FIG. 13 (Prior Art)
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SEMICONDUCTOR DEVICE
MANUFACTURING METHOD

CROSS-REFERENCE TO RELATED PATENT
APPLICATIONS

This applicationis a continuation application of U.S. appli-
cation Ser. No. 14/187,609, filed on Feb. 24, 2014, which is a
continuation application of a U.S. Ser. No. 12/673923, filed
on Feb. 17, 2010, which is a national phase entry of PCT/
JP2008/065151 filed on Aug. 26, 2008 and claims a priority to
and the benefit of Japanese Patent Application No. 2007-
226345, filed on Aug. 31, 2007, the disclosures of which are
incorporated herein in its entirety by reference.

TECHNICAL FILED

The present invention relates to a semiconductor device
manufacturing method, and more particularly, to a semicon-
ductor device manufacturing method, the method including
an operation of performing an etching process by using
plasma.

BACKGROUND ART

Semiconductor devices, such as large scale integrated cir-
cuits (L.SI), are manufactured by alternately stacking an insu-
lation layer and a conductive layer on a semiconductor sub-
strate. Generally, a layer formed on the semiconductor
substrate through a chemical vapor deposition (CVD) pro-
cess, or the like is patterned according to an etching process,
thereby stacking layers on the semiconductor substrate. Dur-
ing the etching process, plasma generated by various devices,
such as a parallel plate plasma plasma source, an inductively-
coupled plasma (ICP) plasma source, and an electron cyclo-
tron resonance (ECR) plasma source is used.

Recently, in semiconductor devices including a semicon-
ductor element, such as a metal oxide semiconductor (MOS)
transistor, a 3-dimensional structure is required in terms of
high integration. Here, a configuration of a MOS transistor
having a 3-dimensional structure will be simply described.

FIGS. 12 and 13 are exterior perspective views of a semi-
conductor device 101 including a MOS transistor having a
3-dimensional structure. FIG. 12 shows a conductive layer
109, to be described later, before being etched, and FIG. 13
shows the conductive layer 109 after being etched. Referring
to FIGS. 12 and 13, the semiconductor device 101 includes a
plurality of protrusions 104 that are conductive and extend
perpendicularly to a main surface 103 of a semiconductor
substrate (wafer) 102. Each of the protrusions 104 extends in
a direction indicated by an arrow XII of FIG. 12. A source
region and a drain region are formed along a length direction
of each protrusion 104, wherein the conductive layer 109 as
shown in FIG. 13 is sandwiched therebetween.

An insulation layer 105 formed of SiO, film is formed on
the semiconductor substrate 102. Also, a thin SiO, film 106 is
formed as a gate oxide film on a channel region disposed
between the source region and the drain region so as to cover
the protrusion 104. Here, since the SiO, film 106 constituting
agate oxide film is formed to cover the protrusions 104, a high
step XI in a layer-stacking direction exists between a top
surface 107 of the protrusions 104, and a surface 108.

Next, the conductive layer 109 formed of polysilicon
(polycrystalline silicon) is formed to cover the SiO, film 106.
Then, the conductive layer 109 of polysilicon is patterned by
using a resist 110 as a mask, and etched so as to remove a
predetermined region of the conductive layer 109 as shown in

10

15

20

25

30

35

40

45

50

55

60

65

2

FIG. 13. The remaining conductive layer 109 is a gate elec-
trode. As such, the MOS transistor having a 3-dimensional
structure is formed on the semiconductor substrate 102. Here,
an etching residue 111 remains on sides of each protrusion
104.

Accordingly, when the etching process is performed on the
conductive layer 109 of poly-silicon having the high step X1,
the etching process may be performed in two operations
having different processing conditions, as disclosed in Japa-
nese Laid-Open Patent Publication No. hei 9-69511. Here,
the etching process may be performed by a plasma processing
apparatus, such as the ICP plasma source, where HBr gas or
Cl, gas with a very small amount of O, is generally used as an
etching gas.

According to Japanese Laid-Open Patent Publication No.
hei 9-69511, the etching process may be performed on the
conductive layer 109 of poly-silicon in two operations includ-
ing a main etching process and an over etching process. FIG.
14 is a graph showing a relationship between an etching area
ratio and a etching selectivity during an etching process. In
FIG. 14, the horizontal axis indicates the etching area ratio
(%), and the vertical axis indicates the etching selectivity
(poly-silicon/SiO,).

Here, the etching area ratio is a ratio of an area S, of
exposed poly-silicon to be etched with respect to the total sum
ofthearea S, and an area S; of SiO, exposed from the bottom
layer of the poly-silicon through an etching process. In other
words, an etching area ratio in FIG. 12 is 100, since there
exists only an area S, of exposed poly-silicon to be etched,
and the area S; of the exposed SiO, is 0. Also, when all SiO,
is exposed as the poly-silicon is etched out, the etching area
ratio is 0. The etching selectivity is a ratio of an etching rate of
poly-silicon when an etching rate of SiO, is 1.

Referring to FIG. 14, when SiO, is not exposed as in FI1G.
12, the main etching process is performed in a low etching
selectivity so as to obtain an accurate shape. As the main
etching process is performed, the area S, of a portion to be
etched decreases, and the exposed area S; of SiO, increases.
As a result, the etching residue 111 remains on the sides of
each protrusion 104 as shown in FIG. 13. Here, when the
etching process is performed on the etching residue 111, a
reaction product, such as SiBr, generated by the etching pro-
cess is activated, and the reaction product deteriorates the
etching selectivity. When the etching process is performed in
a low etching selectivity, the thin SiO, film 106 having a large
exposed area, specifically the top surface 107 of the thin SiO,
film 106 which exists on the top surfaces of the protrusions
104, may be easily damaged. Accordingly, as shown in FIG.
14, during the over etching process, the etching process needs
to be performed in a high etching selectivity, for example, in
a etching selectivity of 50 or above.

When the etching process is performed in two steps as
described above, the etching process needs to be performed in
different conditions, and thus number of operations increases,
thereby decreasing the efficiency of manufacturing a semi-
conductor device.

DISCLOSURE OF THE INVENTION
Technical Problem
To solve the above and/or other problems, the present
invention provides a method of appropriately and efficiently

manufacturing a semiconductor device.

Technical Solution

According to an aspect of the present invention, there is
provided a semiconductor device manufacturing method, the
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method including: forming an insulation layer having a pro-
truding portion, the insulation layer having a surface and a
rising surface that protrudes upward from the surface, on a
semiconductor substrate; forming a conductive layer to cover
the insulation layer having the protruding portion; and remov-
ing a predetermined region of the conductive layer by pat-
terning the predetermined region according to an etching
process using microwave plasma, which uses a microwave as
aplasma source, while applying bias power of 70 mW/cm? or
above on the semiconductor substrate, under a high pressure
condition of 85 mTorr or above.

According to the manufacturing method of the semicon-
ductor device, the predetermined area of the conductive layer
formed on the insulation layer, which has the protruding
portion having the rising surface, is removed by patterning
according to the etching process using microwave plasma, in
which a microwave is used as a plasma source, while applying
bias power of 70 mW/cm? or above to the semiconductor
substrate under the high pressure condition of 85 mTorr or
above. Accordingly, the activation of a reaction product gen-
erated during the etching process may be suppressed, and the
etching process may be performed while maintaining a high
etching selectivity. As such, the etching process may be per-
formed while forming a shape accurately, i.e., while not gen-
erating an etching residue on the rising surface, and prevent-
ing damage to the insulation layer. Also, when the
semiconductor device having the protruding portion is
etched, the conductive layer may be removed by performing
an etching process including only one operation. Accord-
ingly, the semiconductor device may be manufactured appro-
priately and efficiently.

In a more preferable embodiment, a bias voltage of a fre-
quency from 100 kHz to 2 MHz may be applied to the semi-
conductor substrate, while performing the etching process.

In a more preferable embodiment, a flow of an etching gas
may be 1600 sccm or above while performing the etching
process.

In a more preferable embodiment, the insulation layer may
be an oxidized silicon film, and the conductive layer may be
a polysilicon layer.

In a more preferable embodiment, the method may further
include: before the forming of the insulation layer, forming a
conductive layer having a protruding portion that protrudes
upward on the semiconductor substrate, wherein the insula-
tion layer may include a thin insulation layer formed on a
surface of the conductive layer having the protruding portion.

In a more preferable embodiment, the insulation layer hav-
ing the protruding portion may be disposed on the top of the
rising surface with a predetermined height from the surface.

According to another aspect of the present invention, there
is provided a semiconductor device manufacturing method,
the method including: forming a protrusion, which extends by
protruding upward from a main surface of a semiconductor
substrate and is to constitute a source region and a drain
region; forming an insulation layer, which is to constitute a
gate insulation film, on a channel region disposed between the
source region and the drain region of the protrusion; forming
a conductive layer covering the protrusion and the insulation
layer; and forming a gate electrode by removing the conduc-
tive layer while leaving a portion of the conductive layer on
the channel region, by patterning the conductive layer accord-
ing to an etching process using microwave plasma, which
uses a microwave as a plasma source, while applying bias
power of 70 mW/cm? or above to the semiconductor sub-
strate, under a high pressure condition of 85 mTorr or above.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an exterior perspective view of a semiconductor
device before an etching process is performed thereon,
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wherein the semiconductor device is manufactured according
to a semiconductor device manufacturing method of the
present invention;

FIG. 2 is an exterior perspective view of the semiconductor
device of FIG. 1, viewed from a direction of an arrow 11 of
FIG. 1,

FIG. 3 is an exterior perspective view of the semiconductor
device of FIG. 1, after an etching process is performed
thereon;

FIG. 4 is an exterior perspective view of the semiconductor
device of FIG. 3, viewed from a direction of an arrow IV of
FIG. 3,

FIG. 5 is a schematic diagram of a plasma processing
apparatus used in a semiconductor device manufacturing
method, according to an embodiment of the present inven-
tion;

FIG. 6 is a graph showing a relationship between pressure
and a etching selectivity;

FIG. 7 is a graph showing a relationship between bias
power and a etching selectivity;

FIG. 8 is a graph showing a relationship between pressure
and an electron temperature;

FIG. 9 is a graph showing a relationship between an elec-
tron temperature and a etching selectivity;

FIG. 10 is a graph showing a relationship between a gas
flow and a taper angle;

FIG. 11 is adiagram of the semiconductor device of F1G. 4,
viewed from a direction of an arrow X1 of FIG. 4;

FIG. 12 is an exterior perspective view of a semiconductor
device including a metal oxide semiconductor (MOS) tran-
sistor having a 3-dimensional structure;

FIG. 13 is an exterior perspective view of the semiconduc-
tor device of FIG. 12, on which an etching residue remains;
and

FIG. 14 is a graph showing a relationship between an
etching area ratio and a etching selectivity.

BEST MODE FOR CARRYING OUT THE
INVENTION

Hereinafter, the present invention will be described in
detail by explaining exemplary embodiments of the invention
with reference to the attached drawings. FIGS. 1 through 4 are
exterior perspective views for explaining a semiconductor
device 11 manufactured according to a semiconductor device
manufacturing method of an embodiment of the present
invention. FIG. 1 shows a conductive layer 21 before an
etching process is performed, and FIG. 2 shows the semicon-
ductor device 11 of FIG. 1, viewed from a direction of an
arrow 11 of FIG. 1. FIG. 3 shows the conductive layer 21 after
the etching process is performed, and FIG. 4 shows the semi-
conductor device 11 of FIG. 3, viewed from a direction of an
arrow IV of FIG. 3. The semiconductor device 11 manufac-
tured according to the method of the present embodiment
may be a semiconductor device including a metal oxide semi-
conductor (MOS) transistor having a 3-dimensional struc-
ture, and an apparatus for performing the etching process may
be a microwave plasma processing apparatus.

Before forming of an insulation layer, a plurality of pro-
trusions 14 formed of polysilicon and extending by protrud-
ing upward from a main surface 13 of a semiconductor sub-
strate 12 are formed on the semiconductor substrate 12, as
shown in FIGS. 1 and 2. A cross-section of each protrusion 14
nearly has a rectangular shape. Also, each protrusion 14
extends in a direction indicated by an arrow I of FIG. 1. As
shown in FIG. 3, a source region and a drain region are formed
along a length direction of each protrusion 14, wherein the
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conductive layer 21, to be described later, after the etching
process is sandwiched therebetween.

Then, SiO, film which functions as the insulation layer 15
is formed to cover the semiconductor substrate 12, excluding
the protrusions 14. Next, a thin SiO, film 16 (gate oxide film)
is additionally formed as an insulation layer to cover the
insulation layer and the protrusions 14. Here, since the thin
SiO, film 16, which is formed of an oxidized silicon, is
formed to cover the protrusions 14, the SiO, film 16 has
protruding portions 17 that vertically extends. In other words,
the SiO, film 16 including the protruding portions 17 includes
asurface 18 contacting the insulation layer 15, a rising surface
19 protruding upward from the surface 18 and corresponding
to sides of the protruding portions 17, and a top surface 20
disposed on the top end of the rising surface 19 with a prede-
termined height from the surface 18. Also, a high vertical step
H is formed between the surface 18 and the top surface 20.

Then, the conductive layer 21 of poly-silicon is formed to
cover the SiO, film 16. Patterning is performed on a portion of
the conductive layer 21 that is to be a gate electrode, by using
SiN 22 as a mask. Then, as shown in FIGS. 3 and 4, the
conductive layer 21 is removed through the etching process,
while leaving the conductive layer 21 on a channel region
disposed between the source region and the drain region. The
remaining conductive layer 21 is a gate electrode. As such, a
MOS transistor having a 3-dimensional structure is formed
on the semiconductor substrate 12.

Here, the etching process is performed by using microwave
plasma, wherein a microwave is used as a plasma source,
while applying bias power of 70 mW/cm? or above on the
semiconductor substrate 12, under a high pressure condition
of'85 mTorr or above. Also, in this case, a mixed gas prepared
by mixing Cl, gas, HBr gas, and Ar gas is used as an etching
gas.

According to the method of manufacturing the semicon-
ductor device 11, when a predetermined area of the conduc-
tive layer 21 formed on the insulation layer 15 including the
protruding portions 17 having the rising surface 19 is
removed by patterning through the etching process, the
microwave plasma, wherein a microwave is used as a plasma
source, is used while applying bias power of 70 mW/cm? or
above to the semiconductor substrate 12 under a high pressure
condition of' 85 mTorr or above. Accordingly, the activation of
a reaction product generated during the etching process is
suppressed, and the etching process may be performed while
maintaining a high etching selectivity. As such, the etching
process may be performed while forming a shape accurately,
i.e., while not forming an etching residue on the rising surface
19, and preventing damage to the SiO, film 16 as an insulation
layer. In this case, specifically, the top surface 20 of the SiO,
film 16 that is mostly exposed to the etching gas or the
reaction product may be prevented from being damaged.
Also, when the semiconductor device 11 having the protrud-
ing portion 17 is etched, the conductive layer 21 may be
removed by performing an etching process including only
one operation. Accordingly, the semiconductor device 11
may be appropriately and efficiently manufactured, since two
times of etching processes as in the conventional example
doesn’t need to be performed.

FIG. 5 is a schematic diagram of a plasma processing
apparatus for processing by generating the plasma described
above.

Referring to FIG. 5, the plasma processing apparatus 31
includes a sealable chamber 32 for processing the semicon-
ductor substrate 36 accommodated in the plasma processing
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apparatus 31, and an antenna unit 33 for generating plasma in
the chamber 32 according to microwaves fed from a
waveguide.

A method of performing an etching process on the semi-
conductor substrate 36 with plasma by using the plasma pro-
cessing apparatus 31 of FIG. 5 will now be simply described.
First, the semiconductor substrate 36 to be processed is
placed on a susceptor 34 inside the chamber 32. Next, the
chamber 32 is depressurized until the pressure inside the
chamber 32 satisfies a discharge condition of the microwave
plasma described above, and a predetermined bias voltage is
applied to the semiconductor substrate 36. Then, microwaves
are generated by a high-frequency power supply source, and
is fed to the antenna unit 33 through the waveguide. As such,
plasma is generated in a plasma generating region 37 from the
antenna unit 33. The generated plasma reaches a plasma
diffusion region 38 through a gas shower head 35, and an
etching process is performed as the plasma reacts in the
plasma diffusion region 38 with a material gas supplied from
the gas shower head 35.

The antenna unit 33 includes a slot plate of a disk shape
having a plurality of slot holes that are each formed to have a
T-shape when viewed from below, so as to emit the micro-
waves fed from the waveguide to the chamber 32 through the
plurality of slot holes. As such, plasma having a uniform
electron density distribution may be generated.

Also, since, in the plasma processing apparatus 31, bias
power or a frequency of a bias voltage is arbitrarily change-
able, the conditions of the bias voltage are easily changed.

According to an example of the structure of the plasma
processing apparatus 31, a distance between the susceptor 34,
on which the semiconductor substrate 36 is placed, and the
antenna unit 33 may be about 120 mm, and a distance
between the susceptor 34 and the gas shower head 35 may be
about 40 mm. Also, as a discharge condition, a frequency is
2.45 GHz. According to the plasma processing apparatus 31
having the structure described above, when a downward dis-
tance from the antenna unit 33 to the susceptor 34 is A (mm),
arange of 0<A<25 is the plasma generating region 37. Also,
arange of 50=A<120 is the plasma diffusion region 38. Also,
an electron temperature that will be described later is a tem-
perature in the vicinity of the surface of the semiconductor
substrate 36 in the plasma diffusion region 38.

FIG. 6 is a graph showing a relationship between pressure
and a etching selectivity. In FIG. 6, the horizontal axis indi-
cates pressure in mTorr, and the vertical axis indicates a
etching selectivity (poly-silicon/SiO,). Here, bias power
applied to a semiconductor substrate is 70 mW/cm?>. Refer-
ring to FIG. 6, the etching selectivity is the lowest when the
pressure is 70 mTorr, and the etching selectivity increases as
the pressure increases to 80 mTorr and 90 mTorr. In this case,
with respect to a relationship between S, and S; shown in
FIG. 13, the pressure needs to be higher than at least 85 mTorr
so that the etching selectivity is 50 or higher. Accordingly,
during an etching process, if the pressure condition is a high
pressure condition of 85 mTorr or above, the etching selec-
tivity is 50 or above, thereby maintaining a high etching
selectivity. As a result, a conductive layer formed of polysili-
con may be removed through active etching. More preferably,
when the pressure is 100 mTorr or higher, the etching selec-
tivity of 50 or above is more definitely obtained.

FIG. 7 is a graph showing a relationship between bias
power and a etching selectivity. In FIG. 7, the horizontal axis
indicates bias power (W), and the vertical axis indicates a
etching selectivity. A semiconductor substrate of $300 mm
will be used. In FIG. 7, “a’ denotes a result when the pressure
is 40 mTorr, ‘b” denotes a result when the pressure is 70



US 9,362,135 B2

7

mTorr, and ‘¢’ denotes a result when the pressure is 100
mTorr. Referring to FIG. 7, in each pressure, when bias power
is reduced, a etching selectivity is increased. However, when
the bias power is 50 W or lower, i.e., 70 mW/cm? or lower, it
is difficult to control a shape, and thus a side etching shape
may occur as sides are etched. Accordingly, by maintaining
the bias power 50 W or above, i.e., 70 mW/cm? or above, the
side etching shape may be avoided. Here, the etching selec-
tivity of 60 or above may be obtained even when the bias
power is 100 W.

Meanwhile, when the frequency of the bias voltage is too
high, plasma is generated on the semiconductor substrate. On
the other hand, when the frequency of the bias voltage is too
low, the efficiency of the bias power decreases. Accordingly,
by maintaining the frequency of the bias voltage to be from
100 kHz to 2 MHz, such a problem may be avoided while
decreasing the re-dissociation of a reaction product generated
during the etching process, and thus a high etching selectivity
may be maintained.

As described above, the plasma is generated on the semi-
conductor substrate when the frequency of the bias voltage is
higher than 2 MHz, but when a higher frequency of, for
example from 10 MHzto 15 HMz, specifically, 13.56 MHz, is
used, the dragging of ions to the semiconductor substrate is
suppressed according to the high frequency, compared to the
frequency of 2 MHz, and thus damage to the semiconductor
substrate is reduced. Accordingly, this range of frequency of
the bias voltage may be used.

FIG. 8 is a graph showing a relationship between pressure
and an electron temperature in the plasma processing appa-
ratus shown in FIG. 5. In FIG. 8, the horizontal axis indicates
pressure in mTorr, and the vertical axis indicates an electron
temperature in eV. In this plasma processing apparatus, the
electron temperature may be 1.0 eV or lower by maintaining
the pressure to be 85 mTorr or above. More definitely, the
electron temperature may be 1.0 eV or lower by maintaining
the pressure to be 100 mTorr or above.

FIG. 9 is a graph showing a relationship between an elec-
tron temperature and a etching selectivity. In FIG. 9, the
horizontal axis indicates an electron temperature in eV, and
the vertical axis indicates a etching selectivity. Referring to
FIG. 9, in order to maintain the etching selectivity to be 50 or
above, the electron temperature needs to be 1.0 eV or lower.
Accordingly, an etching process may be performed while
maintaining a high etching selectivity, by setting the electron
temperature to be 1.0 eV or lower. As such, the etching pro-
cess may be performed while forming a shape accurately, i.e.,
while not generating an etching residue at the side of the
rising surface 19, and preventing a damage to the SiO, film 16
which functions as an insulation layer. Here, damage to the
Si0, film 16, specifically, to the top surface 20 that is mostly
exposed to an etching gas or a reaction product, is prevented.
Also, when the semiconductor device 11 having the protrud-
ing portions 17 is etched, the conductive layer 21 may be
removed by an etching process of only one operation.
Accordingly, the semiconductor device 11 may be appropri-
ately and efficiently manufactured, since two times of etching
processes as in the conventional example doesn’t need to be
performed. Also here, the electron temperature may have an
error, which may be 1.05 eV or lower.

Also, preferably, a flow of an etching gas during the etching
process is 1600 sccm or above. FIG. 10 is a graph showing a
relationship between a flow of an etching gas and a taper
angle. In FIG. 10, the horizontal axis indicates a gas flow in
sccm, and the vertical axis indicates a taper angle in degrees.
Here, the taper angle denotes an angle a formed between a
sidewall 23 of the conductive layer 21 and the surface 18
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shown in FIG. 11. FIG. 11 is a diagram of the semiconductor
device 11 of FIG. 4, viewed from a direction of an arrow XI of
FIG. 4. Referring to FIGS. 10 and 11, as the gas flow
increases, the taper angle increases to 90°. In other words, the
sidewall 23 of the conductive layer 21 protrudes upward from
the surface 18, and becomes perpendicular to the surface 18.
Here, by setting the gas flow to be 1600 sccm or above, the
taper angle is closer to 90° than 88°. Also, preferably, the gas
flow is 2200 sccm or lower based on the capacity of a general
turbo pump used in the plasma processing apparatus.

Also, according to the above embodiments, a semiconduc-
tor device manufacturing method of an embodiment of the
present invention, includes forming an insulation layer hav-
ing the protruding portions 17 formed to cover the protrusions
14 having a cross-section that is roughly a rectangular shape,
but the present invention is not limited thereto. For example,
the method may include forming an insulation layer having
protruding portions, the insulating layer having a surface and
a rising surface that protrudes upward from the surface,
wherein a cross-section of each of the insulation layer has a
stepped shape. This is because a high etching selectivity is
required during an etching process, since an etching residue
may remain between the surface and the rising surface in the
protruding portions.

Also in the above embodiments, the above-described etch-
ing process of the present invention is applied to a gate etch-
ing process when a conductive layer is formed of poly-silicon
and a gate electrode is formed; however the present invention
is not limited thereto, and the etching process of the present
invention may also be applied to a gate etching process when
aconductive layer is formed of a metal layer. Examples of the
metal include titanium (Ti), tantalum (Ta), and tungsten (W).

Also, in the above embodiments, an oxidized silicon (SiO,)
is used as an insulation layer; however the present invention is
not limited thereto, and an oxidized layer including hatnium
(Hf), zirconium (Zr), or aluminum (Al) may be used as an
insulation layer.

Also, in the above embodiments, a MOS transistor having
a3-dimensional structure is used as a semiconductor element;
however the present invention is not limited thereto, and a
semiconductor device having a 3-dimensional structure may
include a semiconductor element, such as a charge-coupled
device (CCD).

While this invention has been particularly shown and
described with reference to exemplary embodiments thereof,
it will be understood by those of ordinary skill in the art that
various changes in form and details may be made therein
without departing from the spirit and scope of the invention as
defined by the appended claims.

INDUSTRIAL APPLICABILITY

A semiconductor device manufacturing method according
to the present invention is effectively used when the semicon-
ductor device needs to be appropriately and efficiently manu-
factured.

The invention claimed is:
1. A semiconductor device manufacturing method, the
method comprising:

accommodating a semiconductor substrate in a processing
chamber of a plasma processing apparatus, wherein the
semiconductor substrate includes: an insulation layer
having a protruding shape and having a surface that
conforms to a surface of the semiconductor substrate
and a rising surface that protrudes upward while perpen-
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dicular to the surface of the insulation layer; and a con-
ductive layer to cover the insulation layer having the
protruding shape; and

patterning in the processing chamber a predetermined

region of the conductive layer according to an etching
process so as to remove the predetermined region and
expose the insulation layer having the protruding shape,
wherein the etching process is performed by microwave
plasma while applying bias power of 70 mW/cm?® or
above to the semiconductor substrate under a high pres-
sure condition of 85 mTorr or above, and a ratio of
etching rate of the conductive layer to etching rate of the
insulation layer is 50 or higher in the etching process.

2. The method of claim 1, wherein a bias voltage of a
frequency from 100 kHz to 2 MHz is applied to the semicon-
ductor substrate, while performing the etching process.

3. The method of claim 1, wherein the insulation layer is an
oxidized silicon film, and the conductive layer is a polysilicon
layer.

4. The method of claim 1, wherein the semiconductor
substrate which is accommodated in the processing chamber
further comprises: below the insulation layer, a conductive
layer having a protruding shape that protrudes upward on the
semiconductor substrate, and

the insulation layer comprises a thin insulation layer

formed on a surface of the conductive layer having the
protruding shape.

5. The method of claim 1, wherein the insulation layer
having the protruding shape is disposed on the top of the
rising surface with a predetermined height from the surface.
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6. The method of claim 1, wherein the semiconductor
device includes a MOS transistor which has a three-dimen-
sional structure.

7. A semiconductor device manufacturing method, the
method comprising:

accommodating a semiconductor substrate in a processing

chamber of a plasma processing apparatus, wherein the
semiconductor substrate includes: a protrusion on a
main surface of the semiconductor substrate, the protru-
sion extending by protruding upward while perpendicu-
lar to the main surface and constituting a source region
and a drain region; an insulation layer constituting a gate
insulation film, on the protrusion including a channel
region disposed between the source region and the drain
region of the protrusion; and a conductive layer covering
the protrusion and the insulation layer; and

patterning in the processing chamber the conductive layer

according to an etching process so as to remove the
conductive layer while leaving a portion of the conduc-
tive layer on the channel region and expose the insula-
tion layer having a protruding shape which conforms to
an outer shape of the protrusion, thus, forming a gate
electrode, wherein the etching process is performed by
microwave plasma while applying bias power of 70
mW/cm? or above to the semiconductor substrate under
a high pressure condition of 85 mTorr or above, and a
ratio of etching rate of the conductive layer to etching
rate of the insulation layer is 50 or higher in the etching
process.



